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7DEOH7KH0RGHOLVDVVXPHGRSWLPXPEHFDXVH0RGLILFDWLRQ,QGLFHV0,GLGQRWSURSRVHDQ\DGGLWLRQRI
1457 Rudy Setiawan et al. /  Procedia Engineering  171 ( 2017 )  1454 – 1462 
HUURU FRYDULDQFH WKDW FDQ LQFUHDVHPRGHO JRRGQHVV RI ILW DQG LQFUHDVHV YDOLGLW\ DQG UHOLDELOLW\PRGHO FRQVWUXFWV
VLJQLILFDQWO\
)LJVKRZVWKHVWUXFWXUDOPRGHORI1$0$OO6WDQGDUG/RDGLQJ)DFWRUV6/)DUHVLJQLILFDQWp&RQVWUXFW
$&DQG$5JLYHVVLJQLILFDQWSRVLWLYHLQIOXHQFHWR31FRQVWUXFW31JLYHVVLJQLILFDQWQHJDWLYHLQIOXHQFHWR%,DQG
FRQVWUXFW%,JLYHVVLJQLILFDQWSRVLWLYHLQIOXHQFHWR$%

7DEOH0RGHO*RRGQHVVRI)LW
*RRGQHVVRI)LW,QGLFDWRUV 1$0 1$0&$ 1$0+ 1$0&$+
$EVROXWH)LW0HDVXUHV    
F&KL6TXDUH    
6LJQLILFDQFHRI3UREDELOLW\    
'HJUHHRI)UHHGRP    
&0,1GI    
*),    
505    
506($    
,QFUHPHQWDO)LW0HDVXUHV    
7/,    
1),    
$*),    
5),    
,),    
&),    


)LJ6WUXFWXUDO0RGHORI1$0
%DVHGRQWKH1$0VWUXFWXUDOPRGHOLQFUHDVLQJVWXGHQWV¶DZDUHQHVVRIFRQVHTXHQFHVWRUHGXFHXVLQJFDUV$&
DQGDVFULSWLRQRIUHVSRQVLELOLW\WRUHGXFHXVLQJFDUV$5ZLOOLQFUHDVHVWXGHQWV¶SHUVRQDOQRUPV31WRUHGXFHXVLQJ
FDUVIRUWUDYHOLQJWRFDPSXVZKLOHLQFUHDVLQJRI31ZLOOGHFUHDVHRUUHGXFHVWXGHQWV¶EHKDYLRUDOLQWHQWLRQWRXVHFDUV
%,IRUWUDYHOLQJWRFDPSXV7KHUHIRUHWKHGHFUHDVLQJRUUHGXFLQJRI%,ZLOOGHFUHDVHRUUHGXFHVWXGHQWV¶DFWXDOFDU
XVHEHKDYLRU$%IRUWUDYHOLQJWRFDPSXV$&DQG$5H[SODLQHGDERXWYDULDQFHRI31ZKHUHDVFRQVWUXFW31
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FDQH[SODLQDERXWYDULDQFHRI%,DQGDERXWYDULDQFHRI$%H[SODLQHGE\%,&RQVWUXFW31LVVLJQLILFDQWO\
DIIHFWHGERWKE\FRQVWUXFW$5DQG$&
)LJVKRZVWKHVWUXFWXUDOPRGHORI1$0&$$OOVWDQGDUGORDGLQJIDFWRUV6/)DUHVLJQLILFDQWpH[FHSW
IRUWKHHIIHFWRI$&WR31p &RQVWUXFW$5JLYHVVLJQLILFDQWSRVLWLYHLQIOXHQFHWR31FRQVWUXFW31JLYHV
VLJQLILFDQWDQHJDWLYHLQIOXHQFHRQ%,ZKLOHFRQVWUXFW%,DQG&$JLYHVDVLJQLILFDQWSRVLWLYHLQIOXHQFHRQ$%

)LJ6WUXFWXUDO0RGHORI1$0&$

%DVHGRQWKH1$0&$VWUXFWXUDOPRGHOWKHLQFUHDVLQJRI$5ZLOOLQFUHDVH31,QFUHDVLQJ31ZLOOGHFUHDVHRU
UHGXFH%,ZKLOHLQFUHDVLQJRIVWXGHQWV¶FDUDFFHVVIRUWUDYHOLQJWRFDPSXV&$DQG%,ZLOOLQFUHDVHRI$%$&DQG
$5H[SODLQHGDERXWYDULDQFHRI31DQLQFUHDVHRIDERXWFRPSDUHGZLWKSUHYLRXVPRGHO1$0ZKHUHDV
FRQVWUXFW31FDQH[SODLQDERXWYDULDQFHRI%,DQLQFUHDVHDERXWFRPSDUHGZLWK1$0DQGDERXW
YDULDQFHRI$%H[SODLQHGE\%,DQG&$DGHFUHDVHDERXWFRPSDUHZLWK1$0&RQVWUXFW31LVRQO\DIIHFWE\
FRQVWUXFW$5
)LJVKRZVWKHVWUXFWXUDOPRGHORI1$0+$OOVWDQGDUGORDGLQJIDFWRUV6/)DUHVLJQLILFDQWpH[FHSW
IRUWKHHIIHFWRI+WR$&p DQG+WR$5p 6WXGHQWV¶FDUXVHKDELWVIRUWUDYHOLQJWRFDPSXV+KDV
DVLJQLILFDQWQHJDWLYHLQIOXHQFHRQ31DQGDVLJQLILFDQWSRVLWLYHLQIOXHQFHRQ$%$&DQG$5KDYHDVLJQLILFDQW
SRVLWLYH LQIOXHQFHRQ31ZKLOH 31KDV D VLJQLILFDQW QHJDWLYH LQIOXHQFH RQ%, DQG%, KDV D VLJQLILFDQW SRVLWLYH
LQIOXHQFHRQ$%
%DVHG RQ WKH1$0+ VWUXFWXUDOPRGHO DOWKRXJK LQFUHDVLQJ$& DQG$5ZLOO LQFUHDVH 31 LQFUHDVLQJ+ZLOO
GHFUHDVH31,QWKLVPRGHO31LVDIIHFWHGERWKE\SRVLWLYHDQGQHJDWLYHLQIOXHQFHZKLOH$%LVPRUHLQIOXHQFHGE\
+WKDQE\%,+$&DQG$5H[SODLQHGDERXWDYDULDQFHRI31DQLQFUHDVHRIDERXWFRPSDUHGZLWKWKH
SUHYLRXVPRGHO1$0&$ZKHUHDV FRQVWUXFW 31 FDQ H[SODLQ D YDULDQFH RI%, D GHFUHDVH RI DERXW 
FRPSDUHGZLWK1$0&$DQGDERXWYDULDQFHRI$%LVH[SODLQHGE\%,DQG+DQLQFUHDVHRIDERXW
FRPSDUHGZLWK1$0&$
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)LJVKRZVWKHVWUXFWXUDOPRGHORI1$0&$+$OOVWDQGDUGORDGLQJIDFWRUV6/)DUHVLJQLILFDQWp
H[FHSWIRUWKHHIIHFWRI+WR$&p DQG+WR$5p &$KDVERWKDVLJQLILFDQWSRVLWLYHLQIOXHQFHRQ+
p DQG$%p  +KDVD VLJQLILFDQWQHJDWLYH LQIOXHQFH WR31p DQGD VLJQLILFDQWSRVLWLYH
LQIOXHQFHRQ$%p%RWK$&DQG$5JLYHDVLJQLILFDQWSRVLWLYHLQIOXHQFHRQ31p DQGp
ZKLOH31JLYHVDVLJQLILFDQWQHJDWLYHLQIOXHQFHRQ%,pDQG%,JLYHVDVLJQLILFDQWSRVLWLYHLQIOXHQFHRQ$%
p 
%DVHGRQWKH1$0&$+VWUXFWXUDOPRGHOWKHLQFUHDVLQJRIVWXGHQWV¶FDUDFFHVVIRUWUDYHOLQJWRFDPSXV&$
ZLOO LQFUHDVH VWXGHQWV¶ FDU XVH KDELWV IRU WUDYHOLQJ WR FDPSXV + DQG VWXGHQWV¶ DFWXDO FDU XVH EHKDYLRU $%
,QFUHDVLQJRIVWXGHQWV¶FDUXVHKDELWVIRUWUDYHOLQJWRFDPSXV+ZLOOGHFUHDVHVWXGHQWV¶SHUVRQDOQRUPVWRUHGXFH
XVLQJ FDUV 31 EXW DOVR LQFUHDVH VWXGHQWV¶ DFWXDO FDU XVH EHKDYLRU $%$ERXW RI WKH YDULDQFH LQ+ZDV
H[SODLQHGE\VWXGHQWV¶FDUDFFHVVIRU WUDYHOLQJ WRFDPSXV&$ZKHUHDV+DZDUHQHVVRIFRQVHTXHQFHV WRUHGXFH
XVLQJFDUV$&DQGDVFULSWLRQRIUHVSRQVLELOLW\WRUHGXFHXVLQJFDUV$5FDQH[SODLQDERXWYDULDQFHRI31
DOPRVWWKHVDPHDVWKHSUHYLRXVPRGHO1$0+$ERXWDYDULDQFHRI%,H[SODLQHGE\31DGHFUHDVHDERXW
FRPSDUHGZLWK1$0+DQGDERXWRIWKHYDULDQFHLQ$%ZDVH[SODLQHGE\+DQG&$DQLQFUHDVHRI
DERXWFRPSDUHGZLWK1$0+


)LJ6WUXFWXUDO0RGHORI1$0+

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
)LJ6WUXFWXUDO0RGHORI1$0&$+
'LVFXVVLRQ
$EHKDYLRUPRGHOLVDQDSSURDFKWRILQGLQJRXWWKHSV\FKRORJLFDOIDFWRUVWKDWPRVWO\DIIHFWVWXGHQWV¶EHKDYLRUWR
UHGXFHXVLQJFDUVIRUWUDYHOLQJWRFDPSXV6XFKLQIRUPDWLRQLVDXVHIXOLQSXWLQGHYLVLQJYDULRXVFDPSXVWUDQVSRUW
SROLFLHV 6HYHUDO ILQGLQJV FDQ EH REWDLQHG EDVHG RQ WKH UHODWLRQVKLSV EHWZHHQ SV\FKRORJLFDO IDFWRUV LQ 1$0
1$0&$1$0+DQG1$0&$+VWUXFWXUDOPRGHOV7KHJRRGQHVVRIILWRIWKHPRGHOLVJHWVEHWWHUDORQJZLWK
WKHDGGLWLRQRI&$DQG+7DEOH%RWK$5DQG$&JLYHDSRVLWLYHLQIOXHQFHRQ31DOWKRXJKLQIOXHQFHRI$5RQ
31LVDOZD\VJUHDWHUWKDQWKHLQIOXHQFHRI$&RQ31
$GGLQJ+WR1$0DQG1$0&$JLYHVDVLJQLILFDQWQHJDWLYHLQIOXHQFHRI+RQ317KXVLWFDQEHVDLGWKDWWKH
LPSDFWRI+LVYHU\VWURQJDJDLQVWDOWUXLVWLFEHKDYLRU1$07KHUHIRUHDGGLQJVWXGHQWV¶FDUXVHKDELWVLQWRWKH1$0
QRW RQO\ VLJQLILFDQWO\ LQFUHDVHG WKH H[SODLQHG YDULDWLRQ LQ VWXGHQWV¶ DFWXDO EHKDYLRU EXW DOVR LPSURYHG ERWK WKH
H[SODLQHGEHKDYLRUDOYDULDWLRQDQGDPRGHUDWLQJHIIHFWRIKDELWVRQWKHFRQQHFWLRQEHWZHHQSHUVRQDOQRUPVEHKDYLRUDO
LQWHQWLRQDQGDFWXDOEHKDYLRU
$GGHG&$DQG+ LQ1$01$0&$+KDYHJRRGHIIHFW DOWKRXJK UHGXFH WKH LQIOXHQFHRI%,RQ$%DQG
GHFUHDVH%,YDULDQFH$%YDULDQFHLQFUHDVHVLJQLILFDQWO\DQGWKH6/)EHWZHHQ31%,DQG%,$%LVVWLOOVLJQLILFDQW
7KHUHIRUHWKHPRUHVWXGHQWVSHUFHLYHWKDWWKH\KDYHDFFHVVWRFDUVIRUFRPPXWLQJWRFDPSXVWKHVWURQJHUWKHLUKDELW
WRXVHFDUVIRUWUDYHOLQJWRFDPSXVWKHLUEHKDYLRULQWHQWLRQVEHFRPHLQVLJQLILFDQWO\DIIHFWWKHLUDFWXDOEHKDYLRUWRXVH
DFDUIRUWUDYHOLQJWRFDPSXV
7KXVFDPSXVHVQHHGVWRGHYHORSVWUDWHJLHVRILQWHUYHQWLRQWKDWDUHDFRPELQDWLRQRIWKHVWUXFWXUDOLQWHUYHQWLRQV
KDUGWUDQVSRUWPHDVXUHVDQGWKHSV\FKRORJLFDOLQWHUYHQWLRQVRIWWUDQVSRUWPHDVXUHVWRDIIHFWVWXGHQWV¶PRWLYDWLRQ
WR UHGXFH WKH XVH RI FDUV0RWLYDWLRQ WR UHGXFH FDU XVH LV LQIOXHQFHG E\ LQGLYLGXDO DQG FRQWH[WXDO IDFWRUV 6XFK
LQWHUYHQWLRQVVKRXOGEHGLUHFWHGSULPDULO\WRUDLVHVWXGHQWV¶VHQVHRIUHVSRQVLELOLW\DVFULSWLRQRIUHVSRQVLELOLW\ZLWK
UHJDUGWRWKHQHJDWLYHLPSDFWRIXVLQJFDUVIRUWUDYHOLQJWRFDPSXV
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6WUXFWXUDOLQWHUYHQWLRQFDQEHHLWKHUIDFLOLW\VXFKDVVWXGHQWGRUPLWRULHVUHVWULFWHGSDUNLQJORFDWLRQVLQVLGHWKH
FDPSXVDUHDSUHIHUHQWLDOSDUNLQJVSDFHVIRUULGHVKDULQJDQGELF\FOHIDFLOLWLHV2WKHUVWUXFWXUDOLQWHUYHQWLRQVFDQEH
HLWKHUILQDQFLDOGLVLQFHQWLYHVRULQFHQWLYHVHJWKHHQIRUFHPHQWRIPRUHH[SHQVLYHSDUNLQJIHHUDWHVIRUWKRVHZKR
GULYHDORQHDQGIUHHSDUNLQJIRUULGHVKDULQJDQGYDQSRROSDUWLFLSDQWVJXDUDQWHHGULGHKRPHIRUFDUVKDUHDQGYDQSRRO
SDUWLFLSDQW WKHFKDQFH WR WU\DYDQSRRO VHUYLFH IUHHRI FKDUJH DQGHDVHRIELF\FOH LQVWDOOPHQWSODQ0HDQZKLOH
SV\FKRORJLFDOLQWHUYHQWLRQFDQEHLQWKHIRUPRIFDPSDLJQVDQGHGXFDWLRQDOSURJUDPVHJWKHSRVLWLYHLPSDFWRI
XVLQJRWKHUVPRGHVRIWUDQVSRUWIRUWUDYHOLQJWRFDPSXVDQGWUDYHODZDUHQHVVFDPSDLJQVWKDWUDLVHDZDUHQHVVRIWKH
QHJDWLYH LPSDFWRIXVLQJ FDUV$QRWKHU IRUPRISV\FKRORJLFDO LQWHUYHQWLRQ LV D ULGH VKDULQJ DQGSXEOLF WUDQVSRUW
PDUNHWLQJLQIRUPDWLRQVFKHPHDQGSHUVRQDOL]HGWUDYHOSODQQLQJ
&RQFOXVLRQV
7KLVVWXG\H[SORUHGWKHUHODWLRQVKLSEHWZHHQWKHYDULRXVSV\FKRORJLFDOIDFWRUVWKDWDIIHFWWKHVWXGHQWV¶EHKDYLRUWR
UHGXFHFDUXVHIRUWUDYHOLQJWRFDPSXVEDVHGRQWKH1RUP$FWLYDWLRQ0RGHO1$0ZLWKWKHDGGLWLRQRIVWXGHQWV¶
FDUDFFHVV&$DQGFDUXVHKDELWV+IRUWUDYHOLQJWRFDPSXV2YHUDOOWKHUHVXOWVKLJKOLJKWWKDWVWXGHQWV¶FDUXVH
KDELWVIRUWUDYHOLQJWRFDPSXVDQGVWXGHQWV¶DVFULSWLRQRIUHVSRQVLELOLW\$5WRUHGXFHXVLQJFDUVZHUHWKHVWURQJHVW
IDFWRUVWKDWLQIOXHQFHVWXGHQWV¶SHUVRQDOQRUP31WRUHGXFHXVLQJFDUVDQGVWXGHQWV¶FDUXVHKDELWVZHUHWKHVWURQJHVW
IDFWRUVWKDWLQIOXHQFHVWXGHQWV¶DFWXDOFDUXVHEHKDYLRUZKLOHVWXGHQWV¶FDUDFFHVVVLJQLILFDQWO\LQIOXHQFHGVWXGHQWV¶
FDUXVHKDELWVDQGVWXGHQWV¶DFWXDOFDUXVHEHKDYLRU)LQDOO\VWXGHQWV¶DFWXDOFDUXVHEHKDYLRUZHUHPRUHLQIOXHQFHE\
VWXGHQWV¶FDUXVHKDELWVWKDQE\VWXGHQWV¶LQWHQWLRQVRIXVLQJFDUVDQGE\VWXGHQWV¶FDUDFFHVVIRUWUDYHOLQJWRFDPSXV
$OWKRXJKVWXGHQWV¶SHUVRQDOQRUPVWRUHGXFHXVLQJFDUVQHJDWLYHO\LQIOXHQFHGVWXGHQWV¶EHKDYLRUDOLQWHQWLRQVWR
XVHFDUV6WXGHQWV¶FDUXVDJHKDELWVDQGFDUDFFHVVIRUWUDYHOLQJWRFDPSXVKDGDSRVLWLYHLQIOXHQFHRQVWXGHQWV¶DFWXDO
FDUXVHEHKDYLRU7KXVLIWKHVWXGHQWKDVGHYHORSHGDVWURQJFDUXVHKDELWLQWKHSUHYLRXVVHPHVWHUDQGKDYHHDV\
DFFHVVWRXVHDFDUWKH\DUHYHU\OLNHO\WRXVHWKHFDUIRUWUDYHOLQJWRFDPSXV)XUWKHUPRUHVWXGHQWV¶FDUXVHKDELWV
DUHDOVRLQIOXHQFHGE\VWXGHQWV¶FDUDFFHVV
7KHUHVXOWVRIWKHUHVHDUFKKDYHLPSOLFDWLRQVIRUXQLYHUVLW\SROLF\WKDWLQRUGHUWRDOWHUWKHXVHRIFDUVXQLYHUVLWLHV
VKRXOGLPSOHPHQWERWKVWUXFWXUDODQGSV\FKRORJLFDOLQWHUYHQWLRQV7REHHIIHFWLYHLQWHUYHQWLRQVVKRXOGEHGHVLJQHG
WRUHPRYHRSSRUWXQLWLHVIRUWKHHQDFWPHQWRIFDUXVHKDELWVDQGVSHFLILFDOO\DWWHPSWLQJWRUDLVHWKHVWXGHQWV¶VHQVHRI
UHVSRQVLELOLW\WRZDUGVWKHQHJDWLYHLPSDFWRIFDUXVH
5HIHUHQFHV
>@ .XVPLQLQJUXP1DQG*XQDZDQ*3ROXVL8GDUD$NLEDW$NWLYLWDV.HQGDUDDQ%HUPRWRUGL-DODQ3HUNRWDDQ3XODX-DZDGDQ%DOL5HWULHYHG
RQKWWSSXJRLGXSORDGVVHUYLFHVLQIRSXEOLNSGI
>@ $EUDKDPVH:6WHJ/*LIIRUG5DQG9OHN&)DFWRUV,QIOXHQFLQJ&DU8VHIRU&RPPXWLQJDQGWKH,QWHQWLRQWR5HGXFH,W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